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(57) ABSTRACT

A spindle motor 1s provided in which an end portion of a
winding of a coil maintains 1sulation from a base and the
end portion of the winding of the coil can be easily threaded
through a hole of a printed circuit board when the end
portion of the winding of the coil 1s drawn out. For this, the
spindle motor includes a base fixed with a stator having a
coil, an msulating sheet provided between the stator and the
base, and a printed circuit board provided in the base on an
outer side of the motor. Holes are formed in the base,
insulating sheet and printed circuit board so as to commu-
nicate with each other, and an winding end portion of the
coil 1s led out to the outside of the motor. The diameter C of
the hole 19 1n the printed circuit board and the diameter B
of the hole 18 of the insulating sheet are smaller than the
diameter A of the hole 17 of the base, and the diameter C of
the hole 19 1s larger than the diameter B of the hole 18.

12 Claims, 5 Drawing Sheets
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1
SPINDLE MOTOR

FIELD OF THE INVENTION

The present mnvention relates to a spindle motor which 1s
to be built 1n a hard disk drive and the like.

BACKGROUND OF THE INVENTION

Conventionally, 1n a spindle motor of this type, to accom-
plish thin-shaped design, as shown 1n FIG. §, for example,
a drive magnet 32 1s firmly fixed to the interior of a hub 31
holding a disk, a stator 34 which has a coil 33 and 1s
disposed opposite to the hub 31 1s fixed to a base 35, an
insulating sheet 36 1s provided between the stator 34 and the
base 35, and a flexible printed circuit (FPC) board 37 1s
provided 1n the base 35 on an outer side of the motor. As
shown 1n FIG. 6A, holes 35a, 36a, 37a which communicate
with each other are formed, respectively, in the above-
described base 35, msulating sheet 36 and flexible printed
circuit board 37. An end portion 33a of a winding of the
above-described coil 33 1s led out to the outer side of the
above-described motor through these holes 35a, 36a, 37a,
and 1s connected by a solder 39 to a land formed on the
flexible printed circuit board 37. Incidentally, the diameter d
of the hole 36a formed 1n the insulating sheet 36 and the
diameter d of the hole 37a formed on the flexible printed
circuit board 37 are equal to each other and smaller than the
diameter D of the hole 35q formed 1n the base 35.

According to this conventional type, the end portion 33a
of the winding of the coil 33 inserted through each of the
above-described holes 35a, 36a, 37a 1s position-controlled
by the hole 364 of the insulating sheet 36 and the hole 374
of the tlexible printed circuit board 37 and hence does not
come 1nto contact with the inner circumierential surface of
the hole 35a of the base 35, with the result that the insulation
from the base 35 1s maintained (refer to JP23311677).

However, in the above-described conventional type, both
the diameter d of the hole 36a of the insulating sheet 36 and
the diameter d of the hole 37a of the flexible printed circuit
board 37 are small. Therefore, 1t 1s diflicult to draw out the
end portion 33a of the winding of the coil 33 and particularly
it 1s very diflicult to thread this end portion 33a through the
hole 37a of the flexible printed circuit board 37, which 1s a
back side hole. Therefore, this posed the problem that, as
shown 1n FIG. 6B, the end portion 334 of the winding of the

coil 33 becomes tangled in the interior of the hole 354 of the
base 35.

DISCLOSURE OF THE INVENTION

The present invention has as 1ts object the provision of a
spindle motor in which an end portion of a winding of a coil
maintains insulation from a base and which enables the end
portion of the winding of the coil to be easily threaded
through a hole of a printed circuit board when the end
portion of the winding of the coil 1s drawn out.

To achieve the above object, 1n the first aspect of the
present mvention, there 1s provided a spindle motor which
comprises a body of rotation to which a drive magnet 1s
fixed, a stator which 1s disposed opposite to the body of
rotation and has a coil, a base to which the stator 1s fixed, an
insulating sheet which 1s provided at least partly between the
stator and the base, and a printed circuit board provided 1n
the base on an outer side of the motor, the respective base,
insulating sheet and printed circuit board having holes being
formed to communicate with each other, the coil having a
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2

winding end portion passing through these holes to be led
out to the outer side of the motor. In this spindle motor, the
diameter of the hole of the printed circuit board and the
diameter of the hole of the insulating sheet are respectively
smaller than the diameter of the hole of the base, and the
diameter of the hole of the printed circuit board 1s larger than
the diameter of the hole of the insulating sheet.

According to this aspect, because both the diameter of the
hole of the printed circuit board and the diameter of the hole
of the insulating sheet are smaller than the diameter of the
hole of the base, the end portion of the winding of the coil
threaded through each of the holes 1s position-controlled by
the hole of the insulating sheet and the hole of the flexible
printed circuit board and hence does not come 1nto contact
with the 1inner circum{erential surface of the hole of the base,
with the result that the insulation from the base 335 1s
maintained.

Also, because the diameter of the hole of the printed
circuit board 1s larger than the diameter of the hole of the
insulating sheet, 1t 1s easy to thread the end portion of the
winding of the coil through the hole of the printed circuit
board 37, which 1s a back side hole when the end portion of
the winding of the coil 1s drawn out. As a result of this, 1t 1s
possible to prevent the problem that the end portion of the

winding of the coil becomes tangled in the interior of the
hole of the base.

In the second aspect of the present invention, 1f the
diameter of the hole of the base 1s denoted by A and the
thickness of the part of the hole of the base 1s denoted by T,
a relation given by A/T=0.2 holds.

According to this aspect, the end portion of the winding
of the coil can be easily treaded through the hole of the base.

In the third aspect of the present invention, the diameter
of the hole of the base 1s not more than 5 mm. According to
this aspect, sealing with an adhesive can be easily and
satisfactorily performed.

In the fourth aspect of the present invention, there 1s
provided a spindle motor which comprises a body of rotation
to which a drive magnet 1s fixed, a stator which 1s disposed
opposite to the body of rotation and has a coil, a base to
which the stator 1s fixed, an 1insulating sheet which 1s
provided at least partly between the stator and the base, and
a printed circuit board provided 1n the base on an outer side
of the motor, the respective base, insulating sheet and
printed circuit board having holes being formed to commu-
nicate with each other, the co1l having a winding end portion
passing through these holes to be led out to the outer side of
the motor. In this spindle motor, 11 the diameter of the hole
formed on the base on the msulating sheet side 1s denoted by
Al, the diameter of the hole formed on the base on the
prmted circuit board side 1s denoted by A2, the diameter of
the hole formed 1n the msulating sheet 1s denoted by B and
the diameter of the hole formed 1n the printed circuit board
1s denoted by C, a relation given by B<A1<C<A2 holds.

According to this aspect, because the diameter B of the
hole of the insulating sheet 1s smaller than the diameter Al
of the hole of the base on the insulating sheet side and the
diameter C of the hole of the printed circuit board 1s smaller
than the diameter A2 of the hole of the base on the printed
circuit board side, the end portion of the winding of the coil
threaded through each of the holes 1s position-controlled by
the hole of the insulating sheet and the hole of the flexible
printed circuit board and hence does not come 1nto contact
with the internal circumiferential surface of the hole of the
base, with the result that insulation from the base 1s main-
tained.
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Also, the diameter C of the hole of the printed circuit
board 1s larger than the diameter B of the hole of the
insulating sheet and also larger than the diameter Al of the
hole of the base on the insulating sheet side, the end portion
of the winding of the coil can be easily threaded through the
hole of the printed circuit board, which 1s a back side hole,
when the end portion of the winding of the coil 1s drawn out.

In the fifth aspect of the present invention, if the thickness
of the part of the hole of the base 1s denoted by T, a relation
given by A2/T=0.2 holds.

According to this aspect, the end portion of the winding
of the coil can be easily threaded through the hole of the
base.

In the sixth aspect of the present invention, the diameter
Al of the hole of the base on the insulating sheet side 1s not
more than 5 mm.

According to this aspect, sealing with an adhesive can be
casily and satisfactorily performed.

In the seventh aspect of the present invention, 1f the
thickness of the part of the hole of the base 1s denoted by T,
a relation given by 0.1 mm=TZ=35 mm holds.

According to this aspect, the hole can be easily formed 1n
the base with a tip of a dnill.

According to the present invention, the end portion of the
winding of the coil can be easily threaded through the hole
ol the printed circuit board, which 1s a back side hole, when
end portion of the winding of the coil 1s drawn out. There-
fore, 1t 1s possible to prevent the problem that the end portion
of the winding of the coil becomes tangled in the interior of
the hole of the base and, at the same time, the work of
drawing out the end portion of the winding of the coil can
be performed 1n a short time and with good efliciency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view of a spindle motor according to
a first embodiment of the present invention;

FIG. 2 1s an enlarged view of a part of a hole formed in
a base, an msulating sheet and a flexible printed circuit board
of the spindle motor shown 1n FIG. 1;

FIG. 3 1s an enlarged view of a part of a hole formed in
a base, an msulating sheet and a flexible printed circuit board
of a spindle motor according to a second embodiment of the
present ivention;

FIG. 4 1s an enlarged view of a part of a hole formed in
a base, an 1insulating sheet and a flexible printed circuit board
of a spindle motor according to a third embodiment of the
present ivention;

FIG. 5 15 a sectional view of a conventional spindle motor;

FIG. 6A 1s an enlarged view of a part of a hole formed in
a base, an 1insulating sheet and a flexible printed circuit board
of the conventional spindle motor, showing how an end
portion of a coil winding 1s correctly drawn out; and

FIG. 6B 1s an enlarged view of a part in which an end
portion of a coil winding of the conventional spindle motor
becomes tangled in the interior of the hole.

DESCRIPTION OF TH.

EMBODIMENTS

(L.
1]

The first embodiment of the present invention will be
described below on the basis of FIGS. 1 and 2. The reference
numeral 1 denotes a spindle motor to be built 1n a hard disk
drive and the like. The spindle motor 1 has a body of rotation
2, a stator 4 which 1s opposed to this body of rotation 2 and
has a coil 3, and a base to which this stator 4 1s fixed. The
body of rotation 2 1s constituted by a shaft 8 which 1s
rotatably inserted into a cylindrical sleeve 7 and a hub 9
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4

attached to a leading end of the shait 8. A magnetic disk (not
shown) 1s fixed to the outer circumferential part of the hub
9, and an annular drive magnet 10 1s attached to the mner
circumierential part of the hub 9 via a yoke 11.

A thrust flange 12 1s screwed to the base end of the
above-described shaft 8 and a thrust plate 13 opposed to the
circular flat part of the thrust flange 12 1s fixed to the sleeve
7. A thrust bearing 23 and a radial bearing 24 are formed by
pouring lubricating o1l 1nto a gap opposed to the thrust tlange
12 and the sleeve 7, between the thrust flange 12 and the
thrust plate 13, and between the circumierential surface of
the shaft 8 and the inner circumierential surface of the sleeve
7.

The above-described base 5 1s constituted by a disk-
shaped part 5a and a cylindrical part 56 which 1s provided
in a standing manner 1n the center part of this disk-shaped
part 5a. The above-described sleeve 7 1s inserted into the
cylindrical part 36 and fixed. The above-described stator 4 1s
provided 1n the outer circumierential part of the cylindrical
part 5b.

An msulating sheet 14 1s provided between the stator 4
and the disk-shaped part 5a of the base 3. In addition, the
insulating sheet 14 1s applied to the disk-shaped part 5a.
Incidentally, a flexible printed circuit (FPC) board 15 1is
provided 1n the disk-shaped part 5a on an outer side of the
motor. A straight hole 17 which pierces vertically 1s provided
in the disk-shaped part 3a, and holes 18, 19 are formed
respectively in the insulating sheet 14 and the flexible
printed circuit board 15 1n positions coinciding with the
above-described hole 17. These holes 17, 18, 19 communi-
cate with each other.

Multiple end portions 3a of the winding of the coil 3 are
bundled up, led out to the outer side of the motor through the
holes 17, 18, 19 and connected to a land of the flexible
printed circuit board 15 with a solder 21.

If the diameter of the hole 17 of the disk-shaped part 5a
of the base 5 1s denoted by A, the diameter of the hole 18 of
the insulating sheet 14 1s denoted by B, the diameter of the
hole 19 of the flexible printed circuit board 15 1s denoted by
C and the thickness of the disk-shaped part 5a (which 1is
equal to the length of the hole 17) 1s denoted by T, then these
dimensions are set at relations given by:

B«<C<A
A/T20.2 and

AS5 mm.

Actions in the above constituent features will be described
below.

The body of rotation 2 rotates when the coil 3 1s ener-
g1zed.

As shown 1n FIG. 2, because both the diameter B of the
hole 18 of the 1nsulating sheet 14 and the diameter C of the
hole 19 of the flexible printed circuit board 15 are smaller
than the diameter A of the hole 17 of the disk-shaped part 3a
of the base 5, the end portion 3a of the winding of the coil
threaded through each of the holes 17, 18, 19 1s position-
controlled by the hole 18 of the isulating sheet 14 and the
hole 19 of the flexible printed circuit board 15 and hence
does not come 1nto contact with the internal circumierential
surface of the hole 17 of the disk-shaped part 5a, with the
result that insulation from the base 5 1s maintained.

Also, because the diameter C of the hole 19 of the flexible

printed circuit board 15 is larger than the diameter B of the
hole 18 of the msulating sheet 14, the end portion 3a of the
winding can be easily threaded through the hole 19 of the
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flexible printed circuit board 15, which 1s a back side hole,
when the end portion of the winding 1s drawn out. As a result
of this, 1t 1s possible to prevent the problem that the end
portion 3a of the winding becomes tangled 1n the interior of
the hole 17 of the disk-shaped part 3a.

Incidentally, the end portion 3a of the winding can be
casily threaded through the hole 17 of the disk-shaped part
5a by maintaining the relation given A/T=0.2. This 1s
described more specifically below. Even when the diameter
A of the hole 17 1s set at not less than a prescribed value, 1t
becomes diflicult to thread the end portion 3a of the winding
il the thickness T of the disk-shaped part 3a 1s increased as
a result, with the result that it frequently occurs that the end
portion 3a of the winding becomes tangled in the interior of
the hole 17. However, 1t becomes possible to easily thread
the end portion 3a of the winding through the hole 17 of the
disk-shaped part Sa by setting the ratio of the diameter A of
the hole 17 to the thickness T of the disk-shaped part SA at
not less than a prescribed value as described above.

The end portion 3a of the winding 1s led out to the outer
side of the motor through the holes 17, 18, 19 and connected
to a land of the flexible printed circuit board 15 with the
solder 21, and after that, the end portion 3a of the winding
1s sealed by pouring an adhesive into the hole 17 of the
disk-shaped part 5a. On this occasion, by maintaining the
relation given by A=5 mm as described above, the above-
described sealing with an adhesive can be satisfactorily
performed and 1t 1s possible to positively prevent dust and
the like from entering the hard disk from outside. That 1s, 1T
the situation A>5 mm occurs, the hole 17 1s not positively
sealed and voids may occur partly, whereas it becomes
possible to positively seal the hole 17 by ensuring A=5 mm
as described above. It 1s preferred that in this manner, the
diameter A of the hole 17 of the disk-shaped part 5a of the
base 5 be determined in the range (0.2xT=AZ=5) that
satisfies both the relation given by A/T=0.2 and the relation
given by A=5 mm.

Next, the second embodiment of the present invention
will be described on the basis of FIG. 3.

The hole 17 of the disk-shaped part 3a of the base 5 1s
formed 1n such a conical shape that the diameter increases
gradually from the insulating sheet 14 side to the flexible
printed circuit board 15 side.

If the diameter of the hole 17 of the disk-shaped part 3a
of the base 5 on the 1nsulating sheet 14 side 1s denoted by
Al, the diameter of the hole 17 on the flexible printed circuit
board 15 side 1s denoted by A2, the diameter of the hole 18
of the msulating sheet 14 1s denoted by B, the diameter of
the hole 19 of the tlexible printed circuit board 15 1s denoted
by C and the thickness of the disk-shaped part 5a (which 1s
equal to the length of the hole 17) 1s denoted by T, then these
dimensions are set at relations given by:

B<Al<C<A2
A2/7=0.2
Al1=5 mm and

0.1 mm=T=5 mm.

Actions 1n the above constituent features will be described
below.

Because the diameter B of the hole 18 of the nsulating
sheet 14 1s smaller than the diameter Al of the hole 17 of the
base 5 on the msulating sheet 14 side and the diameter C of
the hole 19 of the printed circuit board 15 1s smaller than the
diameter A2 of the hole 17 of the base 5 on the flexible
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6

printed circuit board 15 side, the end portion 3a of the
winding threaded through each of the holes 17, 18, 19 1s
position-controlled by the hole 18 of the insulating sheet 14
and the hole 19 of the flexible printed circuit board 15 and
hence does not come into contact with the internal circum-
ferential surface of the hole 17 of the base 5, with the result
that insulation from the base 5 1s maintained.

Also, because the diameter C of the hole 19 of the flexible
printed circuit board 15 1s larger than the diameter B of the
hole 18 of the insulating sheet 14 and also larger than the
diameter Al of the hole 17 of the base 5 on the insulating
sheet 14 side, the end portion 3a of the winding can be easily
threaded through the hole 19 of the flexible printed circuit
board 15, which 1s a back side hole, when the end portion of
the winding of the coil 1s drawn out. As a result of this, 1t 1s
possible to prevent the problem that the end portion 3a of the
winding becomes tangled in the 1nterior of the hole 17 of the
disk-shaped part 3a.

Incidentally, the end portion 3a of the winding can be
casily threaded through the hole 17 of the disk-shaped part
5a by maintaiming the relation given A2/T=20.2. This 1s
described more specifically below. Even when the diameter
A2 of the hole 17 1s set at not less than a prescribed value,
it becomes difficult to thread the end portion 3a of the
winding if the thickness T of the disk-shaped part 3a 1s
increased as a result, with the result that 1t frequently occurs
that the end portion 3a of the winding becomes tangled in
the interior of the hole 17. However, 1t becomes possible to
casily thread the end portion 3a of the winding through the
hole 17 of the disk-shaped part Sa by setting the ratio of the
diameter A2 of the hole 17 to the thickness T of the
disk-shaped part 5A at not less than a prescribed value as
described above.

The end portion 3a of the winding 1s led out to the outer
side of the motor through the holes 17, 18, 19 and connected
to a land of the flexible printed circuit board 15 with the
solder 21, and after that, the end portion 3a of the winding
1s sealed by pouring an adhesive into the hole 17 of the
disk-shaped part Sa. On this occasion, by maintaining the
relation given by A=5 mm as described above, the above-
described sealing with an adhesive can be satisfactorily
performed and 1t 1s possible to positively prevent dust and
the like from entering the hard disk from outside. That 1s, 1T
the situation A1>5 mm occurs, the hole 17 1s not positively
sealed and voids may occur partly, whereas it becomes
possible to positively seal the hole 17 by ensuring A1=35 mm
as described above.

Incidentally, by forming the hole 17 of the base 5 1n a
conical shape, it 1s possible to reduce the amount of an
adhesive required by the above-described sealing compared
to a case where the hole 17 1s formed 1n a straight shape as
in the first embodiment (see FIG. 2).

Furthermore, when the hole 17 1s formed as the disk-
shaped part 5a of the base 5 by use of a drill, it 1s possible
to easily form the hole 17 with the tip of the drill by setting
the thickness T of the disk-shaped part Sa so as to satisiy the
relation 0.1 mm=T=5 mm.

In the second embodiment above, the hole 17 of the
disk-shaped part 5a of the base 5 1s formed 1n a conical shape
with an incliming 1nner circumierential surface. However, as
the third embodiment, the disk-shaped part Sa of the base 5
may be formed, as shown 1 FIG. 4, in such a multistaged
shape that the diameter increases gradually from the insu-
lating sheet 14 side to the flexible printed circuit board 15
side. Incidentally, although a level diflerence 1s formed on
the inner circumierential surface of the multistaged hole 17
shown 1n FIG. 4, in the second embodiment shown 1n FIG.
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3 no level difference exists in the hole 17, which 1s formed
in a conical shape. Therefore, the conical hole 17 of the
second embodiment can more positively maintain the insu-
lation of the end portion 3a of the winding from the base 5
than the hole 17 of the third embodiment.

The present invention can be applied not only to a spindle
motor for a hard disk drive, but also to motors for a video
tape recorder and others.

What 1s claimed 1s:

1. A spindle motor, comprising:

a body of rotation fixed with a drive magnet,

a stator disposed opposite to the body of rotation and

having a coil,

a base fixed with the stator,

an insulating sheet provided at least partly between the

stator and the base, and

a printed circuit board located 1n the base on an outer side

of the motor,

the base, isulating sheet and printed circuit board,

respectively, having holes therein for commumnicating
with each other,

the coil having a winding end portion passing through the

holes and to an outer side of the motor,

wherein the hole 1n the printed circuit board and the hole

in the isulating sheet have diameters, respectively,
smaller than that of the hole in the base, and the
diameter of the hole 1n the printed circuit board 1s larger
than that of the hole in the insulating sheet, and

the hole 1n the base 1s sealed by an adhesive.

2. The spindle motor according to claim 1, wherein the
diameter of the hole 1n the base 1s not more than 5 mm.

3. The spindle motor according to claim 1, wherein a
relation given by A/T=0.2 holds, where the diameter of the
hole 1n the base 1s denoted by A and the thickness of a part
of the base formed with the hole 1s denoted by T.

4. The spindle motor according to claim 3, wherein the
diameter of the hole in the base 1s not more than 5 mm.

5. A spindle motor, comprising:

a body of rotation fixed with a drive magnet,

a stator disposed opposite to the body of rotation and

having a coil,

a base fixed with the stator,

an insulating sheet provided at least partly between the

stator and the base, and
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a printed circuit board located 1n the base on an outer side
of the motor,

the base, insulating sheet and printed circuit board,
respectively, having holes therein for communicating
with each other,

the coil having a winding end portion passing through the
holes and to an outer side of the motor,

wherein a relation given by B<Al<C<A2 holds, where
the diameter of the hole formed in the base on the
insulating sheet side 1s denoted by Al, the diameter of
the hole formed 1n the base on the printed circuit board
side 1s denoted by A2, the diameter of the hole formed
in the insulating sheet 1s denoted by B, and the diameter
of the hole formed in the printed circuit board 1s
denoted by C, and

the hole 1n the base 1s sealed by an adhesive.

6. The spindle motor according to claim 5, wherein a

relation given by A2/T=0.2 holds, where the thickness of a
part of the base formed with the hole 1s denoted by T.

7. The spindle motor according to claim 6, wherein the
diameter Al of the hole 1n the base on the mnsulating sheet
side 1s not more than 5 mm.

8. The spindle motor according to claim 7, wherein a

relation given by 0.1 mm=T=5 mm holds, where the
thickness of a part of the base formed with the hole 1s
denoted by T.

9. The spindle motor according to claim 6, wherein a
relation given by 0.1 mm=T=5 mm holds, where the
thickness of a part of the base formed with the hole 1s
denoted by T.

10. The spindle motor according to claim 3, wherein the
diameter Al of the hole 1n the base on the msulating sheet
side 1s not more than 5 mm.

11. The spindle motor according to claim 10, wherein a

relation given by 0.1 mm=T=5 mm holds, where the
thickness of a part of the base formed with the hole 1s
denoted by T.

12. The spindle motor according to claim 5, wherein a
relation given by 0.1 mm=T=5 mm holds, where the
thickness of a part of the base formed with the hole 1s
denoted by T.
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